Previously, we reported that lateral hypothalamic (LH) orexin neurons are stimulated in proportion to the preference shown for reward-associated cues during conditioned place preference (CPP) testing. Here, we examine for the first time the role of these neurons in the acquisition of morphine CPP. Results show that LH orexin neurons, but not those in the perifornical area (PFA), are stimulated during conditioning when morphine is given in a novel drug-paired environment (CPP compartment) but not when given in the home cage, nor when saline was given in the CPP environment. Furthermore, bilateral excitotoxic lesions of the LH orexin area completely blocked the acquisition of morphine CPP. Lesions that spared LH orexin neurons had no effect. Orexin neurons in the LH project to the ventral tegmental area (VTA), an area important in the acquisition of morphine CPP. Therefore, we investigated the importance of the LH orexin connection to the VTA in the acquisition of a morphine CPP using a disconnection technique involving a unilateral excitotoxic lesion of LH orexin neurons and contralateral blockade of VTA orexin receptors. Results indicated that a unilateral LH orexin lesion together with a microinjection of the orexin A antagonist (SB 334867) into the contralateral VTA prior to each morphine-pairing session was sufficient to block the development of a morphine CPP. Either of these treatments by themselves was not sufficient to block CPP development. These results demonstrate the importance of LH orexin neurons and their projections to the VTA in the formation of associations between environmental cues and drug reward.
Introduction
Recently a number of studies have revealed a novel and important role for the orexin/hypocretin neuronal system in reward processing and addiction [3, 4, 11, 15, 18, 21, 25] . The orexin neurons are located primarily in the lateral hypothalamic (LH) and perifornical (PFA) regions of the posterior hypothalamus [7, 30] , and have extensive projections throughout the central nervous system [29] . Previous studies indicated that the orexin neuropeptide transmitters were associated with feed-ing, arousal and the maintenance of waking [6, 22, 30, 32, 35] . Orexin neurons, however, heavily innervate both the dopamine (DA)-rich ventral tegmental area (VTA), as well as the nucleus accumbens (NAc) [10] , structures that drive behaviors motivated by either food or drug rewards. Moreover, orexin receptors are expressed at high levels in both of these areas [20, 24, 33] .
Recently, we showed that orexin neurons in the LH are activated by cues associated with rewards such as food or drugs, and that exogenous stimulation of LH orexin neurons can reinstate extinguished drug-seeking behavior in rodents [15] . The LH has long been implicated in homeostatic regulation, and lesion and intracranial self-stimulation studies have revealed an important role for this area in feeding, arousal, and reward [1, 27] . The role of orexin in the reinstatement of drug seeking may be mediated in part via the VTA, because we found that orexin administration directly into the VTA also reinstated an extinguished drug preference [15] . In addition, Narita and colleagues [25] recently showed that infusions of an orexin-A antagonist into the VTA, prevented the acquisition of a conditioned morphine place preference, indicating that orexin release in the VTA is necessary for learning the association between environmental cues and morphine reward.
Recently, we proposed that there is a dichotomy in function between orexin neurons located in the PFA region of the hypothalamus, and those located in the LH [12, 15] . In support of this idea, we found that LH orexin neurons respond to cues associated with food and drug reward but do not respond to footshock, whereas PFA orexin neurons respond to footshock but not to reward-associated cues [15] . In the present experiments we sought to determine whether LH orexin neurons, and their projections to the VTA, are essential for learning a conditioned place preference (CPP) for morphine. We first measured the activation of LH orexin neurons during acquisition of a morphine CPP. Next, we established the effect of lesioning LH orexin neurons on learning a morphine CPP. Finally, we used a contralateral disconnection approach to test the role of LH orexin projections to the VTA in learning a morphine CPP.
Materials and methods

Subjects
Male Sprague-Dawley rats (250-300 g; Harlan, Indianapolis, IN, USA; n = 60) were used in all experiments. Rats were group-housed in accordance with the National Institute of Health Guide for the Care and Use of Laboratory Animals and all efforts were made to minimize the number of animals used and their suffering. Animals were maintained on a 12 h light/dark cycle with food and water available ad libitum. All animal procedures were also approved by the Institutional Animal Care and Use Committee of the University of Pennsylvania.
Drugs
Morphine sulfate powder (National Institute on Drug Abuse, Baltimore, MD, USA), was dissolved in sterile saline and administered via i.p. injection. Ibotenic acid (Acros Organics, Geel, Belgium) was dissolved in 10% 2N ammonium hydroxide and sterile water. N-Methyl-D-aspartic acid (NMDA) (Sigma-Aldrich, St. Louis, MO, USA) was dissolved in sterile water. The orexin antagonist SB 334867 (Tocris, Ellisville, MO, USA) was dissolved in artificial cerebral spinal fluid. The doses of ibotenic acid and NMDA were based on publications using similar neurotoxic microinjections [5, 19, 23, 26] . The dose of SB 334867 was based on published reports using similar microinjections [25, 31] .
CPP procedure
As previously described [16] , conditioning and testing occurred in a Plexiglas apparatus that consisted of two distinct compartments separated by a Plexiglas divider. Each compartment was equipped with photocells to automatically log time and activity (MED Associates, Inc.). One compartment had a grid floor with black walls, and the other compartment had a mesh floor with black and white stripes on the walls. On the first day, all rats were allowed to freely explore all of the apparatus for 15 min, and the amount of time spent in each compartment was recorded. None of the animals had an initial bias for either compartment (time difference <100 s), and each was randomly assigned to a compartment for morphine conditioning in a balanced design. Conditioning began the day after this preconditioning day. On each of the next three days, rats were given injections of either saline or morphine (8 mg/kg, i.p.) and were confined to the assigned compartment for 30 min. Morphine and saline sessions were alternated between the morning and afternoon with a four h interval between sessions. Rats given morphine in the morning were given saline in the opposite chamber in the afternoon, and on subsequent days received saline in the morning and morphine in the afternoon (Day 1 for all groups always began with the saline session followed by the morphine session).
Double label immunohistochemistry
Two hours after conditioning, or after the morphine or saline injections in animals that were not conditioned (see Experiment 1 methods below), rats were deeply anesthetized with an overdose of sodium pentobarbital (100 mg/Kg, i.p.) and perfused transcardially with paraformaldehyde as previously described [14] . Brain sections were first processed for Fos-immunostaining with nickel ammonium sulfate intensification of DAB and then processed for orexin as previously described [15] (orexin A antibody, Santa Cruz Biotechnology, Inc., 1:1000; biotinylated secondary, 1:500). Slices were mounted on glass slides, dehydrated in alcohol and cover slipped. Double-labeled cells were readily identified because orexin stained the cytoplasm brown and Fos immunoreactive nuclei were black. For counts, two sections from each animal in each group were chosen at the same levels with equivalent numbers of orexin-positive neurons. Fos-positive cells were quantified using Openlab image processing software (Improvision, Ltd.; Coventry England) on a Macintosh computer that was linked to a microscope and digital camera. Color images of the LH and PFA were taken and saved to disc. The number of orexin+ neurons, and Fos+/orexin+ doubly labeled neurons, were counted with a point-counter tool by a blind observer on the saved image and averaged across sections for each animal. This tool simultaneously marked and counted each cell so that no cells could be counted twice and the total number of cells counted was available. All orexin-labeled neurons lateral to the fornix were considered to be in the lateral hypothalamus. All orexin-labeled neurons located above and below the fornix, and up to 0.4 mm medial to the fornix, were considered to be in the PFA.
Experiment 1
Our standard CPP training procedure (as described above) was used for all animals given injections in the CPP boxes [16] . Rats were given a single injection of morphine (n = 4) or saline (n = 4) and confined to one compartment for 30 min. Compartments were randomly assigned and each compartment was counterbalanced between groups. For the home cage group (n = 4), animals were given the same alternating injections of morphine and saline as the CPP groups but injections were made in a separate procedure room, and animals were subsequently confined to their home cage for 30 min. For animals sacrificed on Day 1 of conditioning, each rat was perfused 2 h after morphine or saline conditioning. For animals sacrificed on Day 3 of conditioning, the first and second conditioning days were similar to our standard CPP procedure. On Day 3 of conditioning, rats were given either the third morphine (n = 4) or saline (n = 4) injection in one compartment and sacrificed 2 h after their 30 min confinement.
Experiment 2
Rats were anesthetized with sodium pentobarbital (50 mg/Kg, i.p.) and a glass micropipette (20 m tip) was lowered into the LH orexin field (n = 7; AP −3.1, ML ±1.7, DV −8.1) [28] or into areas surrounding the LH orexin field (n = 13). Rats received bilateral pressure injections of ibotenic acid (10 g/l, 600 nl) for 15 min. Animals were allowed one week to recover from surgery before CPP training began.
Experiment 3
Rats were anesthetized with sodium pentobarbital (50 mg/kg, i.p.) and implanted with a unilateral guide cannula aimed 1.5 mm above the VTA (AP −5.3, ML +2.5, DV −7.5; Paxinos and Watson, 1998). The cannula (26 gauge) was angled 10 • (dorsolateral to ventromedial). During the same surgery, a glass micropipette (20 m tip) was lowered into the contralateral LH orexin field (n = 7; AP −3.1, ML ±1.7, DV −8.1) (Paxinos and Watson, 1998) to microinject NMDA. In this experiment we used NMDA as opposed to ibotenic acid because a preliminary comparison of the two methods revealed that the NMDA lesions were slightly less toxic to non-orexin cells. Furthermore, a recent publication revealed that NMDA was more selectively toxic to orexin than to melaninconcentrating hormone (MCH) neurons [17] . MCH cells are located in the same region as the orexin cells. A pressure injection of NMDA (10 g/l, 600 nl) or vehicle was given for 15 min. The sides chosen for VTA cannula and LH neurotoxin lesion were alternated in a Latin square design.
All animals were given one week to recover from surgery before place conditioning training. During conditioning, an inner injection cannula (30 gauge) was inserted 1.5 mm below the guide cannula into the VTA injection site. Rats with unilateral LH lesions received a contralateral intra-VTA microinjection of the orexin A antagonist, SB 334867 (2.4 nmole/0.3 l), 5 min prior to each morphine conditioning trial (n = 9). In another group of unilaterally LH lesioned animals, similar injections of SB 334867 were made outside the contralateral VTA (n = 3) 5 min prior to each morphine trial. To test the effects of unilateral injections of SB 334867 alone on conditioning, some animals received either a vehicle injection in the LH (n = 6), or an NMDA injection outside the LH (n = 3), which spared orexin neurons, and were then administered a contralateral microinjection of SB 334867 on conditioning days.
Verification of lesions in Experiments 2 and 3
After CPP testing, animals were deeply anesthetized with an overdose of sodium pentobarbital (100 mg/kg, i.p.). Rats were perfused with saline (0.9%) followed by perfusion with 4% paraformaldehyde. Brains were then collected to allow subsequent immunohistochemistry and histological confirmation. Fortymicron-thick sections were cut through the LH and stained for orexin A (as described above). Six sections at the level of the lesion were chosen from each animal, mounted on glass slides, dehydrated in alcohols and coverslipped. As described for Experiment 1, color photographs of the LH and PFA were taken and the numbers of bilateral orexin neurons were counted for all six sections for each animal by a blind observer.
Data analyses
In Experiment 1, the percentages of orexin+ neurons that were also Fos+ (doubly labeled) were compared between groups using a 2-way ANOVA (day X treatment). In Experiments 2 and 3, place conditioning data were analyzed by calculating the time spent in the reward-paired compartment minus the time spent in the same compartment prior to conditioning. The resulting difference score was compared between groups using either an analysis of variance (ANOVA) or a t-test. For Experiment 2 (bilateral lesions), the number of surviving orexin neurons was counted and averaged across the right and left sides to yield a single number for each section. For Experiment 3, the number of surviving orexin neurons were counted and compared between the lesioned versus nonlesioned sides. Counts of surviving orexin neurons post-lesion were compared between groups (bilateral lesion) or within subjects (unilateral lesion) using an ANOVA or a t-test. Where necessary, post-hoc analysis was carried out with a Newman-Keuls test. Fig. 1 shows the results of Experiment 1. On the first day of conditioning, a significant increase in Fos activation was seen in LH orexin neurons only in animals given morphine reward in the CPP environment (Fig. 1a) . A two-way ANOVA revealed a significant Group effect (F(2,18) = 37, P < .01) and a significant Days effect (F(1,18) = 20, P < .01). Follow-up analyses revealed that the groups given morphine in the CPP box were significantly different from the groups given morphine in the home cage, and from the groups given saline in the CPP box on both Days 1 and 3 of CPP acquisition (P < .01).
Results
Experiment 1
In the PFA (Fig. 1b) , there was a small but significant Group effect (F(2,18) = 3, P < .05) and a Group X Day interaction (F(2,18) = 3, P < .05). Follow-up analyses revealed a significant decline in Fos activation in PFA orexin neurons on Day 3 of saline administration in the CPP box (P < .05) accounting for both the Group effect and the Group X Day interaction. This most likely reflects habituation to the saline injection and a generalized decrease in arousal in this group. For the groups given morphine injections in either the CPP box or the home cage, no differences in Fos activation were seen in the PFA orexin neurons on either day of acquisition. This indicates that the PFA orexin neurons respond to the arousing effects of a morphine injection but unlike the LH orexin neurons, they did not differentiate between the context in which the injection was given.
Fos activation in non-orexin neurons in the LH was low in number (10 neurons per slice) and variable. Previously we have found that Fos activation in non-orexin positive neurons was inconsistent and did not correlate with preference behavior [15] .
Experiment 2
Fig . 2a shows the results of the bilateral LH orexin lesion on CPP acquisition. After analysis of the damage to LH orexin neurons, animals were divided into two groups. Animals in which both sides of the LH orexin field were severely damaged (losses of greater than 50% of the mean of control animals, Fig. 2b ; n = 7) were considered to be lesioned. Animals that had unilateral lesions in which only one side of the LH orexin field was damaged (e.g., the contralateral ibotenic acid injection was dorsal or ventral to the LH orexin field; n = 4) or in which the LH orexin neurons were spared on both sides (n = 5) were considered control-lesioned. In the five control animals in which no LH orexin neurons were damaged, the ibotenic acid injections were either too rostral (n = 1, bregma location rostral to −2.3 mm), too caudal (n = 3, bregma locations caudal to −3.6 mm) or too medial (n = 1, injection was medial to the fornix causing damage to the PFA orexin neurons) to affect the LH orexin neurons.
In the LH orexin-lesioned group, no animal had a preference score above 100 s. A within-group comparison of preference scores pre-and post-conditioning was not significant (t(5) = −0.7, P = .42). In contrast, in the control-lesioned group all animals had preference scores above 120 s (including the subject with PFA lesions) and a within-group comparison of pre-versus post-conditioning preference scores showed a significant difference (t(7) = 12, P < .01). In addition, the morphine preference exhibited by the four control rats with unilateral orexin neuron lesions was not significantly different from that for the animals in which no orexin neurons were damaged (t(7) = 0.6, P = .54). Regardless of the location of the ibotenic acid injections outside of the LH, animals without substantial LH orexin neuron damage (lesioned-control) showed low variability in their preference scores (S.E.M. = 23 s). A between-group comparison of preference scores for the lesioned and controllesioned groups revealed a significant group difference with the control group showing significantly greater preference scores (t(14) = −5, P < .01).
Animals with bilateral lesions of LH orexin neurons that failed to develop a CPP response also had significantly fewer orexin neurons in the LH than control-lesioned animals (t(14) = −10, P < .01, Fig. 2b ). The locations of ibotenic acid lesions in the LH orexin lesion group were similar among group members and, although some animals had a small amount of damage in the PFA region, most of the lesion was located lateral to the fornix (Fig. 3) . The LH-lesion and control-lesioned groups did not differ in terms of the number of surviving PFA orexin neurons (t(14) = −0.9, P = .35, Fig. 2b ) nor were they different in terms of their locomotor responses to morphine during conditioning (t(14) = 0.6, P = .54) or their locomotor responses on the CPP test day (t(14) = −0.7, P = .44).
Experiment 3
The results of Experiment 3 are shown in Fig. 4 . Animals with a unilateral lesion of LH orexin neurons coupled with an injection of the orexin A antagonist SB 334867 into the contralateral VTA during the morphine conditioning trials all failed to develop preference scores above 50 s. A within-group comparison of pre-versus post-conditioning preference was not significant (t(7) = .24, P = .59). Control animals were given similar ibotenic acid injections that were either dorsal or caudal to the orexin cell field. Sections from control animals were chosen to match the same anterior/posterior levels as the animals with orexin neuron lesions ( * P < .01, lesioned group n = 7, control n = 9).
Two control groups were used in this experiment: One was given a vehicle injection in the LH (sham lesion) coupled with a microinjection of SB 334867 in the contralateral VTA during morphine conditioning trials (n = 6), and the second either had no lesion of LH orexin neurons (the NMDA lesion fell outside the range of the LH orexin neurons, n = 3) or the SB 334867 injection occurred outside the VTA (n = 3). The CPP scores for animals in these control groups did not differ from each other (t(10) = 0.4, P = .67) and therefore their data were combined to form a single control group. All animals in this control group developed preference scores above 120 s and a comparison of pre-versus post-conditioning preferences revealed a significant within group difference (t(10) = −8, P < .01). The control and experimental groups differed significantly in CPP scores (t(19) = −8, P < .01, Fig. 4a ) but were not different in terms of their locomotor response to morphine during conditioning (t(19) = 0.4, P = .66) or their locomotor response on the CPP test day (t(19) = 0.4, P = .69). For the 9 animals in the experimental group that had an NMDA injection in the LH, the number of surviving orexin neurons on the injected side was compared to the number of neurons on the non-injected side. This analysis revealed a significant decrease in the number of orexin neurons between the two hemispheres for the LH (t(16) = −7, P < .01) but not for the PFA (t(16) = −1.6, P = .12, Fig. 4b). Fig. 4c illustrates the differences seen between the control and lesioned LH orexin neurons in one experimental animal. All animals in the experimental group had SB 334867 injections located in the VTA (Fig. 4d) . Fig. 5 illustrates the greatest extent of the effective NMDA lesions.
Discussion
Taken together the findings of this study indicate that LH orexin neurons play an important role in the conditioning of environmental cues to drug reward, whereas PFA orexin neurons show no association with this learning. Experiment 1 revealed that LH orexin neurons, in contrast to PFA orexin neurons, are activated by a morphine injection only when given in a novel (CPP) environmental context. Experiment 2 showed that bilateral neurotoxic lesions that eliminated more than 50% of LH orexin neurons prevented CPP learning, whereas lesions outside the area of LH orexin neurons had no effect on CPP learning. Finally, the results from Experiment 3 indicated that orexin projections specifically from the LH to the VTA regulate CPP learning.
The finding that LH orexin neurons were activated by morphine only in the presence of novel environmental cues indicates that they do not respond to drug reward per se (morphine given in the home cage) nor to a novel environmental context alone (saline given in the CPP box). Instead, we found that Fos activation above baseline only occurred with the combination of a novel environmental context and drug reward. It is worth noting that for the data collected on Days 1 and 3, animals were only given a single injection of either morphine or saline on that day. Previously, we found that LH orexin neurons were activated in proportion to preference exhibited during a CPP test for either morphine, cocaine or food reward [15] . PFA orexin neurons, on the other hand, did not show enhanced Fos activation in the presence of these same reward-associated cues, but they were preferentially activated by exposure to footshock (i.e. a highly arousing stimulus) [15, 12] . The LH orexin neurons, in contrast, were not activated by footshock [15] , thus illustrating the dichotomy of function between these two populations of orexin neurons [12] . This is consistent with the finding that PFA orexin neurons become Fos activated in a graded fashion during arousing events [9] , whereas LH orexin become Fos activated in a graded fashion depending on the amount of preference shown for reward-associated cues [15] . Other research has shown a relationship between Fos activation in orexin neurons locating in the LH as opposed to PFA in the induction of feeding behavior [2] . Furthermore, chronic alcohol consumption in alcohol preferring rats was found to increase the area of orexin mRNA expression the lateral but not medial hypothalamic orexin areas [21] . These findings further indicate a role for LH orexin cell groups in natural as well as drug reward.
The level of Fos activation we previously found in LH orexin neurons in the presence of reward-associated cues was similar to what we found in this study for the group given morphine in the CPP box (i.e., about 50% of orexin neurons were Fos+). In contrast, morphine given in the home cage, or saline given in the CPP context, resulted in Fos activation similar to what we [15] and others [9] reported for resting baseline (constitutive) levels in these neurons of 15-20%.
The present findings that Fos activation occurred during the first and third morphine conditioning trials in the CPP box, but not during saline conditioning trials nor in the home cage, together with results from our previous report [15] showing that reward-associated cues alone (the drug-free CPP test day) augmented Fos activation in LH orexin cells, indicate that activation of this system is involved in the drug/environment conditioning process. These results are also consistent with conclusions for a dichotomy in orexin function, with LH orexin neurons participating in reward processing whereas PFA orexin neurons participate in arousal and waking [12] .
There was a small non-significant trend for increased Fos activation in the LH orexin neurons on Day 3 of conditioning in each group. This effect could be due to a general sensitization-type response to repeated injections of morphine. However, these experiments were performed with different groups of animals and these different results may therefore simply reflect individual variability in this measure.
We also found that animals with chemical lesions of LH orexin neurons failed to show that they learned the association between drug reward and environmental context. Animals in which the majority of LH orexin neurons were lesioned bilaterally failed to exhibit a preference for the morphine-paired context, whereas animals with unilateral lesions or bilateral lesions located slightly rostral, caudal or medial (including PFA lesion) to the LH orexin neurons conditioned normally. The fact that partial lesions of the LH orexin field were effective in blocking conditioning may indicate that a subset of LH orexin neurons are involved in conditioning. In support of the idea, previously we found that only 50% of orexin neurons are acti- vated by cues associated with drug or food reward [15] . The results of this study do not exclude the possibility that non-orexin cells located in the same vicinity as LH orexin neurons are also involved in morphine CPP conditioning. However, previously we found that Fos activation in non-orexin LH neurons did not correlate with or predict preference scores, whereas Fos activation in orexin-positive neurons showed strong correlations with, and were highly predictive of, both initial preference scores and reinstatement of preference after exogenous neuronal activation [15] . One explanation for the results found in the current experiments could be the possibility that the lesioned LH neurons are necessary to experience the rewarding effects of morphine. However, this explanation is unlikely given that the LH orexin neurons are not activated by morphine alone but are only activated in the presence of both morphine and novel environmental cues, as revealed in Experiment 1. Furthermore, non-orexin LH neurons were not consistently activated in the presence of morphine or morphine associated cues [15] .
The LH is the primary origin of orexin inputs to the VTA [10] , with fewer orexin afferents originating in the PFA. Furthermore, the VTA contains high levels of orexin receptors and varicosities [10] and participates in the control of behaviors related to both natural and drug reinforcers [8, 36] . In this study we found that a unilateral LH orexin lesion, coupled with an infusion of the orexin antagonist SB 334867 into the contralateral VTA, completely prevented the expression of a morphine place preference. A unilateral LH orexin lesion alone (e.g., with an SB injection outside the VTA) had no effect on preference behavior. Likewise a unilateral SB injection in the VTA without a lesion of the LH orexin neurons also did not affect the learning of morphine preference and had no effects on locomotor activation. These findings indicate that bilateral projections from LH orexin neurons to the VTA are required for learning or memory of a morphine place preference. Although our lesion data establish a clear role for LH orexin neurons in morphine place conditioning, they do not rule out a role for PFA orexin neurons. However, any role of PFA orexin neurons in morphine place conditioning must be minor as lesions that spared them were unable to rescue the behavior. Conversely, lesions that spared LH orexin neurons allowed normal behavioral expression of morphine CPP. A recently published report showed that bilateral infusions of the orexin antagonist, SB 334687, into the VTA on conditioning days prevented the acquisition of a conditioned morphine place preference [25] , indicating that orexin release in the VTA is necessary for learning the association between environmental cues and morphine reward. Our results are consistent with this conclusion, and in addition show that the orexin inputs originate in the LH.
A recent paper by Borgland et al. [3] provides direct evidence that orexin is involved in plasticity in VTA DA neurons and indicates a mechanism whereby orexin release in the VTA may affect drug/environment conditioning. In that study, orexin-A administration was found to acutely potentiate NMDA receptors on VTA DA neurons, which in turn led to late-phase AMPA receptor-mediated long-term potentiation (LTP) in these cells. Previously we showed that activation of either NMDA or AMPA glutamate receptors in VTA is necessary for the acquisition of conditioned place preference for cocaine or morphine [13, 16] . Together, these results indicate that an orexin-glutamate interaction in the VTA may be involved in stimulus-drug conditioning. The Borgland et al. paper [3] also found that administration of an orexin-A antagonist blocked LTP that normally occurs in VTA DA neurons following cocaine administration [34] , as well as the associated locomotor sensitization following repeated cocaine exposure. Together with our data, these results indicate that orexin release, originating from the LH, is associated with synaptic plasticity within the VTA and regulates drug-stimulus conditioning.
Previously we showed that stimulation of LH, but not other, orexin neurons reinstated an extinguished place preference for morphine [15] . This indicates that stimulation of these cells in the environment previously associated with morphine elicited a recall of the morphine-environment relationship, thereby producing reinstatement of preference. Moreover, in that same report we found that systemic administration of the orexin antag-onist SB 334867 attenuated the expression of a place preference for morphine after it had been learned. Together, these results indicate that the LH orexin projection to the VTA play a role not only in learning stimulus-drug relationships, but also in the recall of this conditioning.
The current results support previous findings indicating a role for LH orexin neurons in reward processing, and for the first time extend this to indicate a role for this subpopulation of orexin neurons, and their projections to the VTA, in the acquisition of drug-environment relationships. This information may ultimately improve our knowledge of how environmental cues become strong motivators of behavior and drive drug-seeking behavior.
